The introduction of single stock futures to a market presents the opportunity to assess an individual company's response to futures trading directly, in contrast to the market-wide impact obtained from index futures studies. The listed shares of thirty-eight South African companies were evaluated in terms of a possible volatility effect due to the initial trading of their respective single stock futures contacts. A GARCH(1,1) model established a volatility structure (pattern of behaviour) per company. Results, in general, showed a reduction in the level and changes in the structure of spot market volatility post single stock futures.
Introduction
Single stock futures, also known as individual equity futures, are exchange-traded future commitments to buy or sell the shares of a particular listed company at a predetermined price. Being derived from and therefore reliant on the price of an ordinary share and accepting that a futures price is determined in large by its underlying spot price it is conceivable that a reciprocal relationship exists between the underlying equity share and its derivative, raising the question as to what extent does the derivative impact upon the underlying. Several studies reported on the change (if any) in the level of spot volatility after single stock futures trading commenced.
Peat and McCorry (1997) performed a regression analysis (incorporating a volume effect) and a t-test for change in mean on ten individual equity shares listed in Australia and concluded that an increase in the underlying volatility resulted from SSF trading. This reported effect on the Australian market, however, could not be confirmed by Lee and Tong (1998) or Dennis and Sim (1999) . An equal means and equal variances t-test and rank sum tests with a control group sample, and an asymmetric exponential ARCH model study respectively, provided no evidence of returns becoming more volatile after futures trading.
The following studies employed GARCH methodology to also report on possible changes in the structure of volatility post SSF trading, in addition to the level of volatility. McKenzie, Brailsford and Faff (2001) evidenced a decline in unconditional volatility and some changes in the dynamics by which the conditional volatility evolves -that is, a slower dissemination and shorter impact of news (decline in ARCH and GARCH terms) by the underlying ten Australian-listed shares. Similar results came from research by Hung, Lee and So (2003) . The nine individual results (universal stock futures i.e., UK listed single stock futures on foreign equity markets) favoured a slower dissemination and shortened impact of information, leading to a lower persistence of volatility in general. The variances (unconditional volatility) of the underlying share returns showed no significant differences between the pre-and postintroduction groups.
Eighty individual equity shares featured in a study by Chau, Holmes and Paudyal (2005) , also regarding the impact of universal stock futures. Any changes in the GJR-GARCH model parameters (i.e., impact of news on volatility; persistence of innovations; asymmetric response to good and bad news) concluded not to be futures related after examining the control sample. Unconditional volatility also behaved in a similar manner for both SSF and control shares. Therefore, no volatility effect as a result of SSF trading in contrast to Mazouz and Bowe (2006) , who studied the response of twenty-one UK-listed shares. They attributed a decrease in unconditional volatility post futures to contemporaneous changes in market-and industrywide conditions and not to the listing event, per se. Their evidence, however, also pointed to a more efficient (faster) incorporation of current news into the underlying share price owing to futures trading.
The limited number of studies carried out to date concerning the effects of single sock futures trading on the underlying cash market, and the many studies featuring share index futures trading (see for example is by no means exhaustive, and the introduction of single stock futures to this market in 1999 provided an unique opportunity for a more direct assessment of the possible impact on the behaviour of the underlying shares.
The purpose of this research was to determine the impact of SSF-trading on the underlying in terms of a possible volatility effect, and to record a distinct response to news for each of the companies included in the study.
Research methodology
This study employed the Generalised Autoregressive Conditional Heteroskedasticity (GARCH) methodology as a measure to detect changes in the conditional variance (structure of volatility) and unconditional variance of the error terms (level of volatility). The impact of a security-specific event on the level or degree of the security"s price changes and the duration thereof is modelled as the conditional variance of the security. An increase or decrease in the post-event unconditional variance of the security is detected by the relative changes in parameter values as specified by the GARCH model.
Autoregressive conditional heteroskedasticity
An ordinary least squares regression model is subject to the condition that the variance of the error term is constant. The expected value of all error terms or residuals, when squared, should be the same at any given point. In other words, the variances of the error terms must remain constant with time. This assumption is referred to as homoskedasticity. The violation of this constant variance assumption is the basis for ARCH/GARCH models. Therefore, when a time series is heteroskedastic, it exhibits time-varying variance (i.e., volatility) and is said to have ARCH effects.
As stated, heteroskedasticity is associated with timevarying volatility. Also, "conditional" implies a dependence on the observations of the immediate past, and "autoregressive" describes a feedback mechanism that incorporates past observations into the present (Mathworks 2006:1.3). Autoregressive conditional heteroskedasticity (ARCH), therefore, describes the condition where the variance of the residuals in one period within a time series is dependent on, or is a function of, the variance of the residuals in another preceding period. If this condition exists, the standard errors of the regression coefficients in autoregressive (AR) models and the hypothesis tests of these coefficients will be invalid. But, as stated by Engle (2001:157), "Instead of considering this as a problem to be corrected, ARCH and GARCH models treat heteroskedasticity as a variance to be modelled." GARCH models are mean reverting and conditionally heteroskedastic, with a constant unconditional variance. Therefore, the least squares deficiencies are corrected and the required conditions satisfied.
ARCH models are specifically designed to model and forecast conditional variances. The variance of the dependent variable is modelled as a function of past values of the dependent variable and independent variables. ARCH models were introduced by Engle (1982) and generalised as GARCH (Generalised ARCH) by Bollershev (1986) .
The standard GARCH(p,q) suggests that the conditional variance of returns is a linear function of lagged conditional variance terms and past squared residual terms (Butterworth 2000:440) .
GARCH (p,q) is the standard notation in which the first number (p) refers to the number of autoregressive lags (ARCH terms) and the second number (q) refers to the number of moving average lags (GARCH terms). GARCH(1,1) therefore refers to the presence of a first order ARCH term and a first order GARCH term (Engle 2001:160).
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The GARCH process, exhibited in figure 1, is characterised by volatility clustering -that is, tranquil periods interspersed with periods of high volatility. Variance, rather than being constant, is an autoregressive (AR) process where the current period"s volatility is conditional on past (lagged) volatility (Miles 2008:75).
Specification of the GARCH(1,1) model
In developing a GARCH model, two distinct specifications have to be provided -one for the conditional mean (1) Therefore, given a set of initial "guesses" for the parameter estimates, these parameter values are updated at each iteration until an optimum is reached (i.e., convergence). Convergence is achieved and the programme will stop searching when the biggest percentage change in any of the parameter estimates for the most recent iteration is smaller than 0,01% (default setting). This iterative procedure using a modification of the Berndt, Hall, Hall and Hausman (BHHH) algorithm for optimisation, namely the Marquardt algorithm, incorporates a correction, pushing the parameter estimates more quickly to their optimal values. An assumption about the conditional distribution of the error term is required and the normal (Gaussian) distribution, Student"s t-distribution, and the Generalised Error Distribution (GED) are assumptions commonly employed when working with ARCH models. The Heteroskedasticity Consistent Covariance option is available when selecting the conditional normal as the error distribution, thereby calculating the quasi-maximum likelihood (QML) covariances and standard errors using the robust-tonon-normality method of Bollershev-Wooldridge (EViews 2007b:187,192 A GARCH model is parsimonious (i.e., the coefficients of the model are easily interpreted) and gives significant results, since it allows the conditional variance of an asset price to be dependent upon previous own lags (Floros 2007:363) . The advantage of a GARCH model, according to Joshi and Pandya (2008:9) and Samanta and Samanta (2007:57), is the ability to capture the tendency in financial data for volatility clustering, thereby enabling an explicit connection between information and volatility. Any change in the rate at which information arrives in the market will change the volatility in the market. According to Engle (1993:72) , volatility clustering or pooling is one of the oldest noted characteristics of financial data. Periods of high/low volatility are likely to be followed by subsequent periods of high/low volatility, attesting to the predictability of volatility. The implication of such volatility clustering is that current volatility shocks will influence future expectations of volatility (Engle & Patton 2001:239). It is therefore beneficial to determine statistically whether recent information is more important than old information, and how fast information decays. Samanta and Samanta (2007:61) state that the GARCH equation has two effects: the effect of recent news to the market (ARCH effect) and the effect of the old news in the market (GARCH effect). Variation in the size of these two effects determines the current or lingering influence of news on the market; with the sum of these effects indicating the degree of persistence in volatility.
In summary: A significant ARCH or GARCH term in the variance equation implies that the sample follows a persistent clustered volatility process -that is, once there is a shock or jolt to the share price, the impact is more likely to persist for several subsequent periods. An insignificant ARCH or GARCH would indicate that the impact only would last for one period. A large ARCH or GARCH term in the variance equation similarly would indicate that the impact of a shock to the share price is likely to persist for several subsequent periods. A small ARCH or GARCH term implies a short-lived impact on the underlying. Correspondingly, an increase/decrease in the ARCH(1) coefficient suggests a faster/slower dissemination of news and apparent impact on the share price, while an increase in the GARCH(1) coefficient implies a prolonged effect of past news on the underlying. A summed ARCH (new news) and GARCH (old news) value, the autoregressive root, reveals the propensity or inclination of a particular share to exhibit the impact and after-effect of a shock (i.e., unexpected news) on its price. The size of the autoregressive root (AR root) signifies the possible extent of any shock effect, namely the "persistence to shocks". An AR root of less than one (unity) indicates a stationary and predictable volatility ( The ARCH () effect captures the short-run persistence of shocks and the GARCH () effect indicates the contribution of shocks to the long-run persistence (+) of volatility. The necessary and sufficient condition for the existence of variance stationarity (i.e., a defined mean-reverting level) is (+) < 1. This is reiterated by Floros (2007:363) who states that all parameters must be positive, with the sum of  and  expected to be less than but close to unity, with  > . The value of  (constant) is also expected to be small. Samouilhan (2007:105) explains that with the combined value (i.e., the autoregressive root) closer to unity, persistence declines slowly and there is much volatility clustering. In the extreme cases where (+) = 1, the shock-effect never dissipates, and with (+) = 0 the shock dies out immediately (i.e., no ARCH effects).
A pre-event subsample and a post-event subsample are tested separately for ARCH(1) and GARCH(1) effects. The significance, size and change in coefficients from equation (2) are evaluated, and the unconditional variance (3) calculated so long as (+) < 1. For (+)  1, the unconditional variance is not defined and labelled as "non-stationary in variance". A change in the  coefficient post-event relative to the change in the autoregressive root (+) confirms an increase or decrease in the unconditional (long-term average) variance of a security (Butterworth 2000:441).
Alternatively, any change in the unconditional variance of an asset price after the event can be detected by augmenting (2) to include a dummy variable (5). The dummy variable is equal to 0 for all pre-event periods and to 1 afterwards. 
Diagnostic tests
The Ljung-Box Q-statistic test with a specified number of lagged autocorrelations is utilised to test whether the ARCH/GARCH model adequately captured all of the persistence in the variance of returns. This If the variance equation is specified correctly all Q-statistics should not be significant (i.e., squared standardised residuals serially uncorrelated). The specification of the mean equation can similarly be checked and tested for remaining serial correlation by looking at the correlogram of the standardised residuals with all Qstatistics expected not to be significant (EViews 2007b:195) .
The ARCH LM test carries out Lagrange multiplier tests to test whether the standardised residuals exhibit additional ARCH.
A correctly specified variance equation should exhibit no ARCH in the standardised residuals. Two test statistics, namely the F-statistic and the Obs*R-squared statistic, are reported from this test regression (EViews 2007b:158,196 ).
The Jarque-Bera (JB) statistic tests the null of whether the standardised residuals are normally distributed. If the standardised residuals are normally distributed, the Jarque-Bera statistic should not be significant. The difference between the skewness (i.e., extent not symmetric about mean value) and kurtosis (i.e., "peakedness" and "fat tails" of distributionrelated to frequency and size of deviations) of the series and those from the normal distribution is measured. A small reported probability (p-value) leads to the rejection of the null hypothesis of a normal distribution. The Jarque-Bera statistic follows the chisquared distribution with 2 degrees of freedom (EViews 2007a:308; EViews 2007b:195) . Even if the conditional normality assumption does not hold, the parameter estimates will still be consistent if the mean and variance equations are specified correctly. However, the usual standard errors estimates will be inappropriate requiring the Heteroskedasticity Consistent Covariance option (available in the statistical software programme) to be selected, calculating the Bollershev-Wooldridge robust standard errors (Brooks 2002:461). The Student"s t-distribution and GED (fat tail distributions) capture the non-normal aspects of the data and provide an alternative solution for the non-normality of the residuals (Samouilhan & Shannon 2008:23).
Statistical analysis
The South African market saw three-hundred and fifty-seven (357) first-time introductions (available for trade) of physically-settled SSF contracts from 1999 to 2007. Thirty-eight (38) companies matched the following criteria for inclusion in the study (refer to Appendix A).  No direct or indirect prior introductions of SSF contracts.  Trading activity -available for trade and the actual trading of contracts occurring within a two week period.  250 days of spot trading before and after the event. The inherent volatility clustering present in equity returns can be seen in figure 2 (DDT dailyreturns) which exhibits significant levels of volatility persistence; large movements (magnitude of returns) are clustered with large movements, and small movements clustered with small movements.
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Each of the thirty-eight companies exhibited a similar individually defined and unique response to news (De Beer 2008:85) . Illustrated by means of the DDT case. Results for Dimension Data Holdings (11 -DDT) shows statistically significant small and decreasing ARCH values with large and increasing GARCH values, pre to post SSF-trading (see table 1 ). The size of the AR root is indicative of a high persistence to shocks (i.e., volatility clustering) and therefore predictable volatility (function of past volatility). The direction of change after initial SSFtrading reveals a slower dissemination but longer lasting impact of information. This would suggest that the trading of SSF contract has attracted additional, relatively uninformed traders to both the futures and spot markets, leading in turn to a smaller immediate response to news and to news having a more persistent impact on the spot market. The total period coefficients (see table 2) confirms that Dimension Data returns exhibited a pattern of persistent volatility clustering (significant ARCH and GARCH terms), and indicates a decrease (non-significant dummy variable coefficient) in volatility post SSF-trading.
The Ljung-Box Q-statistics provided evidence that the GARCH model adequately captured all of the persistence in the variance of returns, with no statistically significant Q-stats. The variance equation proved to be specified correctly with no remaining ARCH detected. Similarly, the mean equation was tested for any remaining serial correlation with the Qstats all reported to be non-significant as expected (De Beer 2008:83) .
The ARCH LM test carried out on the variance equation exhibited no ARCH in the standardised residuals with both the F-statistic and the Obs*Rsquared statistic, reported as non-significant in contrast to the regression results before applying the GARCH concepts showing statistical significance and heteroskedasticity (De Beer 2008:83).
The Jarque-Bera (JB) statistic, testing the null of whether the standardised residuals are normally distributed, is significant and consequently the conditional normality assumption does not hold. This required the Heteroskedasticity Consistent Covariance option to be selected with the Normal (Gaussian) error distribution in order to calculate the BollershevWooldridge robust standard errors. The parameter estimates, however, are still consistent when the mean and variance equations are correctly specified (De Beer 2008:83) .
These diagnostics tests are important when GARCH-model values are used to predict future volatility. Attempting to detect a change in the level (unconditional volatility) and structure (conditional volatility) of volatility from one period to another (e.g., pre-to post-futures) simply requires a comparison of the relative values and direction of change. For the purposes of this study, the conditions of  > 0,  > 0,   0 and (+) < 1 were necessary and sufficient to ensure a positive conditional variance and the existence of variance stationarity (i.e., a defined meanreverting level). All parameters must therefore be positive, with the sum of  and  expected to be less than but close to unity, with  > . Subject to these conditions, the ARCH/GARCH results for the thirtyeight companies are presented and interpreted in tables 1 and 2. These results are summarised in table 3 and presented graphically in figure 3 in an attempt to determine the general impact of initial SSF-trading on the level and structure of spot market volatility. Table 1 shows the changes in pre to post SSFperiod ARCH and GARCH effects for all thirty-eight companies. The preferred outcome of futures trading is a more efficient market, namely a faster dissemination of news by the underlying share price, a shorter-lived after-effect, and subsequently a less persistent shock-effect on the share price. This translates into a larger ARCH-term, a smaller GARCH-term and smaller AR root (ARCH plus GARCH). Eleven companies experienced this desired result (full benefit) attributed to futures trading (refer to table 3). The statistical output of eight companies confirmed that futures trading had the exact opposite consequence for the behaviour of their share prices. A decreased ARCH and increased GARCH expose a more persistent shock-effect due to the longer lasting influence of old news which, initially, was incorporated into the share price at a slower pace, since the start of SSF-trading. Table 2 shows the per-company results for the total period with the dummy variable coefficient (δ) revealing any possible change in the level of volatility in each instance. The ARCH and GARCH coefficients reveal each company"s tendency to experience volatility clustering.
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A significant ARCH or GARCH term implies that the share returns exhibited a pattern of persistent volatility clustering, meaning that once there is a shock or jolt to the share price, the impact is more likely to persist for several subsequent periods. An insignificant ARCH or GARCH indicate that the impact only lasted for one period. As can be expected from financial data, all companies with the exception of Lonmin PLC (26 -LON) exhibited some tendency for volatility clustering (significant ARCH and/or GARCH term).
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Summary of results However, more statistically significant increases (16 from 17) in the long-term impact of old news were recorded.
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The dummy variable included in the GARCH model revealed that the majority of companies (32) experienced a decrease in the level of spot volatility, with only ten showing a statistically significant decrease. It is therefore reasonable to conclude that the introduction of futures trading generally subdues movements in share prices (i.e., volatility).
INSERT TABLE 3 ABOUT HERE 5 Conclusion
Regarding the structure or behaviour of volatility, the majority (53% of which 85% were statistically significant) of companies showed an increase in the rate at which news is disseminated and incorporated into their share prices. However, although more companies (55%) displayed a smaller contribution of old news to persistence, more statistically significant increases (42% to 34% significant decreases) in the long-term impact of old news were recorded. The combined outcome (incorporation plus longevity) pointed towards a shortened period of excessive pricemovements (persistence of volatility or shocks) following the incorporation of news for a small majority (53%) of companies. The dummy variable included in the GARCH model confirmed that the majority (84% of which 31% were statistically significant) of companies experienced a decrease in the level of spot volatility. Overall, results indicated that SSF trading allowed the shock effect to dissipate more quickly, largely facilitated by the faster dissemination of news and also, to a lesser extent, by the constrained influence of old news on share prices, thereby providing for a more efficient market. This study provided evidence that single stock futures trading activity does impact upon the volatility level and volatility structure of the underlying equity shares. In addition, each of the thirty-eight South African companies recorded a distinct response to news.
Note
This article is based on a study done on the impact of single stock futures on the South African equity market that also reported on any changes in the price and trading volume of the underlying, post initial single stock futures trading. -13  DUR  +  -+  +  32  SGG  ----14  EOH  -+  -+  33  SHP  -+  --15  ERM  +  +  --34  SIM  --+  +  16  GDF  --+  +  35  SLM  --+  -17  GIJ  --+  -36  SPG  ----18  GND  +  +  --37  UCS  ----19  HDC  ---- The majority (32) of companies showed a decline in spot volatility following the onset of futures trading. Only ten (10) shares exhibited a statistically significant decline in volatility.
The majority (20) of companies showed an increase in the speed at which new information is incorporated in the price, seventeen (17) at a statistically significant level.
The majority (21) of companies showed a decrease in the durability of disseminated news. Thirteen (13) shares revealed a statistically significant decline in the role played by old news in establishing the price.
The majority (20) of companies displayed a diminished propensity to shocks influencing the share price.
